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Abstract 
A cross-sectional study focusing on the prevalence and assessment of the 
associated risk factors of bovine tuberculosis (BTB) among dairy cattle herds was 
conducted from 2012 to 2014 in Bahir Dar City and the surrounding districts. 
Comparative intradermal tuberculin test (CIDT) and interviewer administer 
questionnaire were used for conducting this study. Animal prevalence of BTB 
was 3.55% (95% confidence interval (CI): 2.26-4.84) at >=2mm cut-off value and 
1.27% (95%CI: 0.49-2.05) at >=4mm cut-off value. Similarly, herd prevalence was 
12.5% (95% CI: 7.78-17.2) at >=2mm cut-off value and 5.21 % (95%CI: 2.04-8.38) 
at >=4mm cut-off value. In a multivariable logistic regression analysis, being 
cross breed (adjusted OR=3.33, 95%CI: 0.33-34.0) and having poor body condition 
(adjusted OR=467, 95%CI: 35.9-6086) were identified as animal level risk factors 
for higher tuberculin reactivity. At herd level increased risk for CIDT positivity 
was recorded at intensive dairy herds (adjusted OR= 10.8: 95%CI: 1.32-88.1) as 
compared to smallholder dairy herds. In summary, the present study revealed 
overall low prevalence of BTB in dairy cattle in the study area. However, 
comparatively higher proportion of skin reactors recorded at upgraded breeds 
and intensive dairy herds. This warrants the need for the designing of practically 
acceptable control strategy. 
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Introduction 
BTB is an infectious disease caused principally by Mycobacterium (M.) bouis, 
which is member of the Mycobacterium tuberculosis complex (MTC). Although 
cattle are susceptible to M. bouis infection and are the preferred host for M. 
bouis, the disease has been reported in many other domesticated animals, 
wildlife and humans (De Lisle et al., 2002; Wuhib Ayele et al., 2004; Renwick 
et al., 2007). Aerosol exposure to M. bouis is believed to be the most frequent 
mode of transmission in cattle, but infection by ingestion has also been reported 
previously (Biet et al., 2005). Human beings can also acquire the infection 
either by inhalation or ingestion (Cosivi et al., 1998; Wilkins et al., 2008). Thus, 
BTB is a disease of major socio-economic importance, with an impact of loss 
in animal productivity, international trade of animals and animal products 
(Zinsstag et al., 2006). 
Ethiopia is ranked top in the list of African countries with large livestock 
populations and it has been contributing considerable portion to the economy of 
the country. The 2012/13 livestock survey estimated the total number of cattle, 
sheep and goat population in the country to be 54 million, 25.5 million and 
24 million, respectively. And Amhara Regional State owns 13.8 million cattle, 
8.8 million sheep and 5.1 million goats (CSA, 2013). About 98.9% of the total 
cattle populations in the country were local breeds and the remaining were 
hybrid (0.94%) and exotic (0.11 %) breeds. Among a total of 3.4 million cattle 
population aged _'.S.3-10 years, 12.5% were used for milk production (CSA, 2013). 
Even though the livelihood of the people in Ethiopia is extremely dependent on 
livestock, several constraints including feed shortage, poor genetic performance 
and diseases prevalence are limiting the livestock production and productivity. 
BTB is one among the major disease problems reported widely in cattle from 
different regions of the country (Balako Gumi et al., 2011; Balako Gumi et al., 
2012; PetrosAdmasuetal., 2014; Worku Tigreetal., 2011; GebremedhinRomha 
et al., 2014; Tschopp et al., 2011; Rebuma Firdessa et al., 2012; Gezahegne 
Mamo et al., 2013; Fikre Zeru et al., 2014). However, most of these evidences 
are obtained from north, central and southern Ethiopia. To the best of our 
knowledge information on BTB among dairy herds in northwest Ethiopia is 
limited. The current study was designed to investigate the epidemiology of 
BTB and to assess animal level and herd level risk factors of BTB. 
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Materials and Methods 
Study area 
The current study was conducted in Bahir Dar City and the surrounding 
towns, namely, Zenzelima, Meshenti, Tis Abay and Zege. Bahir Dar is a 
Capital City of Amhara Regional State and located in northwestern Ethiopia, 
approximately 578 km of Addis Ababa, having latitude 11°36'N, longitude of 
37°23'E and an elevation of 1800 meters above sea level. Based on the 2007 
Census result (CSA, 2007), Bahir Dar Special Zone has a total population of 
221,991, of whom 180,174 (81.16%) are urban inhabitants. Among the urban 
residents 155,428 are living in Bahir Dar City and the remaining resides in 
one of the other towns (i.e. Meshenti, Tis Abay and Zege towns). Livestock 
production is one of the agricultural activities that have been practiced by the 
local populations in the study area. The numbers oflivestock by animal species 
in West Gojjam Zone including Bahir Dar Special Zone were estimated to be 
2,182,636 cattle, 893,368 sheep and 339,858 goats (CSA, 2013), The study 
area has the second largest livestock population in Amhara Region next to 
North Gondar Zone. Intensive farming and smallholder dairy management 
systems are the types of dairy activities observed in the study area. The 
main feed sources for intensive dairy herds are agro-industrial by products 
(such as oil seed cakes, Bran, etc) and also purchased roughage. The primary 
objective of this dairy system is to sale milk as a means of additional cash 
income. Smallholder dairy herding in the study area is practiced mixed with 
crop farming and all feed requirements are derived from grazing pasture and 
roughage. Milk production is mainly from indigenous zebu cattle, which are 
kept by smallholder farming households. 
Study population 
The study animals were dairy cattle originated from intensive (urban and peri-
urban dairy farms) and smallholder dairy herds. The intensive dairy farms 
comprised small and medium size dairy herds, ranges 4-34 cattle. Most of the 
intensive dairy farms were concentrated in and around Bahir Dar City and 
were raising cross-breed dairy cattle. The smallholder dairy herds were located 
mainly in Zenzelima, Meshenti, Tis Abay and Zege towns and the surrounding 
rural areas. The herd size ranged between 2-25 cattle and they were managed 
under extensive system. The majority of milking cows were indigenous animals 
but small numbers of cross-breeds were also found . 
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Young animals less than 6 months age, cows in late gestation period and 
clinically sick animals with any disease problem were not included in the 
study. The age of cattle was estimated by dentition (Torrell, 1998), information 
obtained from animal owners or farm records. The body condition of each 
animal was scored based on Nicholson and Butterworth (1986) and classified 
as poor (score, 1 to 2), medium (3 to 4) and good (greater than 5). 
Study design and study period 
The study design was cross-sectional and the study was conducted from 2012 to 
2014 in Bahir Dar City and the surrounding districts of the Bahir Dar Special 
Zone. 
Sample size estimation and sampling of study animals 
Sample size was estimated using the formula (Thrusfield 1995), which is used 
to estimate prevalence in a given population. Thus, accordingly, a total of 192 
herds were calculated to be enough to estimate the prevalence by considering 
the expected herd BTB prevalence of 15% (Gobena Ameni and Erkihun Aklilu, 
2007) with the precession 5% and 95% confidence in the estimate. To recruit 
these herds volunteer dairy farm owners and households with smallholder 
dairy herds from the Bahir Dar City and the surrounding districts were 
registered and used as a sampling frame. Simple random sampling technique 
was applied to select dairy herds from the available sample frame. A total of 
1279 cattle were available in the randomly selected 192 dairy herds. Among 
these cattle only 788 fulfilled inclusion criterion and hence examined for BTB 
by the use of CIDT. 
Data collection 
Animal related potential risk factors (i.e. sex, age, breed, and body condition 
score) were recorded when the CIDT test was performed .. Dairy herd owners 
were also asked for TB related personal information (such as educational 
level, knowledge on BTB and its zoonotic implication, and family TB history) 
and herd characteristics (such as dairy herd management system, herd size, 
keeping of different animals together, introduction of new cattle in to the herd) 
using semi-structured questionnaire after they were well informed and oral 
consent was obtained from each owner. 
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Comparative lntradermal Tuberculin Test, CIDT 
CIDT was used to test animals for BTB. The test was performed by the 
intradermal injection of bovine purified protein derivative (B-PPD) and avian 
PPD (A-PPD) (supplied by Prionics Lelystad B. V., The Netherlands) after the 
skin was shaved and the thickness measured with a caliper. The PPDs were 
injected into two sites in middle third of the neck (about 12cm apart) .. One site 
was injected with an aliquot of 0.1 ml of 2500 IU/ml B-PPD and the other was 
with O.lml of 2500 IU/ml A-PPD. For determining the reactions on the skin 
(indurations) at the injection sites the skin-fold thickness of each injection site 
was re-measured 72 h after intradermal injection. All skin measurements and 
test readings were carried out by the same person. Interpretation of the test 
result was made at two different cut-off points i.e. the animal was considered to 
be positive ifthe skin reaction at the PPD-B site minus the skin reaction at the 
PPD-A is :::>:2 mm (Gobena Ameni et al., 2008) or 2'.4 mm (OIE, 2008). However, if 
a reaction to B-PPD tuberculin was equal to or less than the reaction to A-PPD 
the result was interpreted as negative reaction. A dairy herd was considered 
positive if at least one tuberculin reactor animal was present in that herd. 
Each animal injected with tuberculin was de-wormed with Albendazole (7.5 
mg/kg) as part of the support by the project. 
Data analysis 
Data collected during the study period were analyzed using STATA version 
12 (Stata Corp., Collage station, TX). Fisher's exact test was used to assess 
if there is statistically significant association between target background 
characteristic and skin test reaction. The degrees of these associations were 
quantified using crude and adjusted odds ratio obtained from logistic regression 
models. Statistical significance was assumed if the confidence interval (CI) did 
not include one among its values or whenever p-value was less than 5%. 
Results 
General information on the study animals 
A total of788 cattle from 192 dairy herds in Bahir Dar City and the surrounding 
districts of Bahir Dar Special Zone were examined for BTB with CIDT test. 
Mean age of the study animals was 5.1 years (95%CI: 4.85-5.34). The sex 
of majority of the study animals was female (87.9%; 693/788). The breed 
composition was cross-breed (48%) and zebu (52%). Of the total, 42.3% (3331788) 
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were from 92 urban and peri-urban dairy farms, which mainly concentrated in 
Bahir Dar City. The remaining 57. 7% (455/788) cattle were originated from 
100 smallholder dairy herds localized in and around Zenzelima, Chis Abay, 
Meshenti and Zege towns. 
Animal prevalence and associated host risk factors 
On the basis of CIDT test the overall individual prevalence of BTB at 2:2 mm 
and 2:4mm cut-off points were 3.55% (95%CI: 2.26-4.84) and 1.27% (95%CI: 
0.49-2.05), respectively. At 2:4 mm cut-off, the prevalence of BTB was affected 
by breed (p=0.009) and body condition (p<0.001) of the study animals (Table 1). 
Table 1: Association of selected host risk factors to skin test positivity of 
individual animals at ~4 mm cutoff point. 
Host factor Number Number of positive p-value 
animals tested animals n(%) 
Breed 
Local 410 1 (0.24) 0 .009 
Cross 378 9 (2.38) 
Sex 
Male 95 0 0.619 
Female 693 10 (1.44) 
Age (years) 
<2 172 1 (0.58) 0.444 
2-5 217 2 (0.92 
5-9 260 6 (2.31) 
>9 139 1 (0.72) 
BCS 
Good 362 1 (0.28) <0.001 
Medium 414 2 (0.48) 
Poor 12 7 (58.3) 
n= number of positive; BCS= Body condition scoring; p-values presented at 95% confidence interval and p~0.05 
considered statistically significant. 
Results from bivariate and multivariable logistic regression analysis are 
summarized in Table 2. After adjusting for bread, age and body condition, 
animal with poor body condition as compared to animal with good body 
condition was identified as a significant risk for being positive reactor although 
the precision of the estimate was low as indicated by wide confidence interval 
(Adjusted OR= 467; 95%CI=35.9-6086). 
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Table 2: Logistic regression analysis of individual animal tuberculin reactors 
with selected host related risk factors at 4mm cutoff point. 













animals tested positive animals (95% CI) 
n% 
410 1 (0.24) 1.0 
378 9 (2.38) 9.98 (1.26-79.1) 
172 1 (0.58) 1.0 
217 2 (0.92 1.59 (0.14-17.7) 
260 6 (2.31) 4.04 (0.48-33.9) 
139 1 (0. 72) 1.24 (0.08-20.0) 
362 1 (0.28) 1.0 
414 2 (0.48) 1.75 (0.16-19.4) 












n= number of positive; BCS= Body condition scoring; COR=Crude Odds Ratio; AOR=Adjusted Odds Ratio; CI: 
Confidence interval. 
Herd level prevalence and associated risk factors 
Herd prevalence was 12.5% (95%CI: 7.78-17.2) at ~2 mm cut-off and 5.21 % 
(95%CI: 2.04-8.38) at ~4 mm cut-off value. After adjusting for herd size, practice 
of keeping other animals with cattle and introduction of new animal, the odds 
of herd positivity in a confined management system was 10.8 times higher 
than that of smallholder management system (95%CI: 1.32-88.1) (Table 3). 
Table 3: Bivariate and multivariate logistic regression analysis for potential 
herd risk factors at >4mm cutoff point. 
Herd factor Number of Number COR AOR (95% CI) 
herds of positive (95% CI) 
examined herd n(%) 
Dairy herd management system 
Smallholder 100 1 (LO) 1.0 1.0 
Farmed 92 9 (9.78) 0. 7 (1,33-86.5) 10.8 (1.32-88.1) 
Herd size 
<5 cattle 89 2 (2.25) 1.0 1.0 
6-9 cattle 70 5 (7 .14) 3.34 (0.62-17.7) 3.44 (0.61-19.5) 
>10 cattle 33 3 (9.09) 4.35 (0.69-27.2) 3.44 (0.49-23.9) 
Keeping other animals with cattle 
No 156 7 (4.49) 1.0 1.0 
Yes 36 3 (8.33) 1.94 (0.48-7.88) 1.39 (0.30-6.44) 
Introduction of new animal 
No 61 3 (4 .92) 1.0 1.0 
Yes 131 7 (5.34) 1.09 (0.27-4.37) 1.0 (0.23-4.31) 
n= number of positive; BCS= Body condition scoring; COR=Crude Odds Ratio; AOR=Adjusted Odds Ratio; CI: 
Confidence interval. 
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A total of 192 herd owners/households were also interviewed to assess their 
awareness on BTB and its transmission to humans. The mean age of the 
respondents was 39.1 (95%CI: 36.7-41.4) and the proportions of male to female 
were (86.5% and 13.5%). Results of the descriptive statistics analysis indicated 
that among the interviewed, 75% (144/192) of the respondents did not have 
knowledge on BTB and its zonootic implication. About 19.3% (37/192) had 
experienced at least one human TB case in the family in the previous last five 
years. 
Discussion 
Animal prevalence and associated host risk factors 
The current animal level BTB prevalence of 3.55% at ?_2 mm cut-off is 
comparable to the previously reported prevalence of 3.0% and 4.02% by other 
studies in different sites of Ethiopia (Tschopp et al. , 2009; Firaol Tamiru et 
al., 2013) but significantly lower than the previously reported prevalence of 
7.0% in southern Ethiopia (Balako Gumi et al., 2011), 18% in Afar (Gezahegne 
Mamo et al., 2013) and 6.8% Meskan, Gurage region, central Ethiopia (Tschopp 
et al., 2011). Animal prevalence of 1.27% recorded at ?_4mm cut-off value 
was similar to the prevalence of 2.0%, 1.0% and 1.56% in Ethiopia (Balako 
Gumi et al., 2012; Firaol Tamiru et al., 2013; Petros Admasu et al., 2014) and 
2.6% in Zambia (Pandey et al., 2013) while it was lower than 11.0%, 23.7%, 
5.5%, 30.0%, 11.0%, 4.3% and 11.3% in Ethiopia (Gobena Ameni and Erkihun 
Aklilu, 2007; Elias Kebede et al., 2008; Gumi et al., 2011; Rebuma Firdessa 
et al., 2012; Gezahegne Mamo et al., 2013; Gebremedhin Romha et al., 2014; 
Fikre Zeru et al., 2014), 7.13% in Ecuador (Proano-Perez et al., 2009), 14.3% 
in India (Thakur et al., 2010) and 5.9% in Bangladesh (Mondal et al., 2014). 
The variation observed among the studies might be attributed to differences 
in management practices, production system, types of cattle breeds largely 
involved in the study, or differences in ecological zones. Moreover, the herd 
size in the majority of our study herds was small and maximum two tuberculin 
positive cases was recorded in few herds. This might also explain the low 
prevalence recorded in the present study compared to other studies, which 
reported high BTB prevalence. 
Similar to other recent studies in Ethiopia (Petros Admasu et al., 2014; 
Gebremedhin Romha et al., 2014; Fikre Zeru et al., 2014) and India (Thakur 
et al., 2010), there was strong association between breed type and tuberculin 
skin test positivity in the present study at ?_4 mm cut-off value. The probable 
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justification could be associated to the relative resistance of the zebu cattle to 
TB as compared to Holstein and other cross breeds (O'Reilly and Daborn, 1995; 
Gobena Ameni et al., 2007; Cadmus et al., 2010). However our finding differed 
from the reports of Elias Kebede et al. (2008) and Rebuma Firdessa et al. (2012) 
in such a way that their study herds were composed of largely Holstein and 
cross breed dairy cows exclusively kept under intensive management system. 
Although the estimate is less precise, study body condition score in the current 
study was significantly associated with positive skin reactivity. Animals with 
poor body condition status were associated to the increased risk of bovine 
tuberculin positivity as compared to good body conditioned cattle. This result 
is in agreement with the previous studies (Elias Kebede et al., 2008; Petros 
Admasu et al. , 2014; Fikre Zeru et al., 2014) although other findings did not 
report similar result (Rebuma Firdessa et al. (2012). Poor body conditioned 
animals have relatively weak immunological responses to TB and subsequently 
susceptible to the infection (Griffin et al., 1993; O'Reilly and Daborn, 1995). 
Analysis of sex and age in relation to bovine tuberculin positivity in the 
present study were found statistically not significant (p=0.619 and p=0.444, 
respectively). In agreement with some previous studies in Ethiopia (Elias 
Kebede et al., 2008; Petros Admasu et al., 2014) there was not significant 
association of age and sex with reactivity in the current study. Other previous 
Ethiopian studies (Gobena Ameni and Erkihun Aklilu, 2007; Elias Kebede et 
al., 2008; Balako Gumi et al., 2011; Gezahegne Mamo et al., 2013), a study from 
Ecuador (Proano-Perez et al. (2009) and another study from India (Thakur et 
al. 2010) reported significant association between age and positive reaction. 
Likewise an Ethiopian study (Fikre Zeru et al. 2014) reported significant 
association between sex and tuberculin skin test positivity. In our study, the 
majority of cattle were female (87.9%, 6931788) and age group between 5-9 
years (33%, 2601788), which may explain the observed variation. 
Herd level prevalence and associated risk factors 
The herd prevalence of 5.21 % recorded in the present study was comparable 
with a recent report of 7.02% (Firaol Tamiru et al. 2013) but much lower than 
41.9%, 51.4%, 50%, 44%, 15.3% and 20% reported by other recent Ethiopian 
studies (Balako Gumi et al., 2011; Worku Tigre et al., 2011; Rebuma Firdessa 
et al., 2012; Gezahegne Mamo et al., 2013; Gebremedhin Romha et al., 2014; 
Fikre Zeru et al., 2014). The disparity of herd prevalence reported among 
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the different studies might be attributed to the differences in the available 
different epidemiological conducive conditions favored for the transmission of 
BTB (such as herd size, the level of intensive husbandry system practiced, the 
amount of susceptible breeds available in the herd, mobility and close contact 
between different susceptible animal species in the study area). 
Significant association of dairy cattle management system and herd positivity 
observed in the current study is in agreement with the findings of earlier studies 
(Elias Kebede et al., 2008; Gebremedhin Romha et al., 2014; Fikre Zeru et al., 
2014). A higher herd prevalence of BTB in intensive dairy herds as compared 
to smallholder in this study might be related to their confinement and breed 
type. In the current study nearly 100% of the animals were cross breeds. 
Previous authors also argued in the same ways (GobenaAmeni et al., 2006) and 
demonstrated that cattle kept under intensive conditions showed significantly 
higher prevalence as compared to those managed under extensive system. In 
contrast to our finding other studies (Elias Kebede et al. , 2008; Gebremedhin 
Romha et al., 2014; Fikre Zeru et al., 2014) reported significant association 
between herd size and herd positivity. Likewise, significant associations were 
reported between herd positivity and keeping of other animals with cattle 
(Tschopp et al., 2009) and herd positivity with introduction of new cattle in to 
the herd (Tschopp et al., 2009; Proano-Perez et al., 2009). 
In the present study the proportion of the respondents who had knowledge on 
BTB and its zoonotic implication were below 50% (25%, 48/192). This result is 
in line with the reports of (Gobena Ameni and Erkihun Aklilu, 2007; Worku 
Tigre et al., 2011; Firaol Tamiru et al., 2013; Gebremedhin Romha et al., 
2014; Fikre Zeru et al., 2014), who indicated 35%, 37.1%, 80.7%, 29.7% and 
30.8% level of awareness in their study subjects, respectively. The zoonotic 
risk of BTB is often associated with consumption of untreated milk and meat 
products as well as via aerosol in the proximity to livestock (Cosivi et al., 1998; 
Wilkins et al., 2008). This urges the integrated work of medical and veterinary 
personnel to build awareness with regard to BTB and its public health aspects 
in the study area. 
Conclusion 
Animal and herd prevalence of BTB recorded in the present study were much 
lower than the reports of many earlier studies in Ethiopia. Among potential 
host factors breed and body condition were significantly associated with 
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individual animal skin test reactivity. Similarly, being cross breed and poor 
body condition were identified as animal level risk factors for being positive 
reactors. Being farmed under intensive management system had over tenfold 
risk for herd positivity compared to smallholder dairy herds managed under 
extensive system. The observed higher proportion of skin reactors at upgraded 
dairy cattle and intensive dairy farms as compared to zebu cattle and 
smallholder dairy herds warrants for designing practically acceptable control 
strategy. 
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